The role of sexual or intrafamilial transmission of hepatitis C is controversial. A phylogenetic analysis was performed on the non-structural region 5B of the hepatitis C virus (NS5B-HCV). High percentages of homology (mean of 98.3%) were shown between the couples. Twenty (83.3%) of the 24 men but only two of the women (8.3%) reported having had sexually transmitted diseases during their lives. The risk factors for HCV acquisition were blood transfusion (10 couples), use of illegal injected drugs (17), use of inhalants (15), acupuncture (5) and tattoos (5). The shared use of personal hygiene items included toothbrushes between six couples (25%), razor blades between 16 (66.7%), nail clippers between 21 (87.5%) and manicure pliers between 14 (58.3%). The high degree of similarity of the hepatitis C virus genome supports the hypothesis of hepatitis C virus transmission between these couples. The shared use of personal hygiene items suggests the possibility of intrafamilial transmission of infection Key-words: Intrafamilial. Hepatitis C virus. Sexual transmission. Heterosexual. Phylogeny.
Alter et al 1 were the first to discuss the possibility of sexual transmission of the hepatitis C virus (HCV), and they suggested that multiple sexual partners were a risk factor. However, the importance of sexual transmission of HCV remains controversial, with transmission rates ranging from 0.5 to 2% per year of relationship reported in the literature. These low rates, associated with the scarcity of risk factors, suggest that there may be little or no risk of sexual transmission 1 2 . On the other hand, Tengan et al 25 analyzed the sexual transmission of HCV in a Brazilian population and found prevalence of 11.8% 25 .
The intrafamilial transmission rates are significantly higher between sexual partners than among other household members who do not have sexual contact. Transmission to children is significantly low 23 . The findings from investigations involving specific populations such as patients at sexually transmitted disease (STD) clinics attending drug users, homosexuals or sex workers differ from those obtained from general populations, with higher observed risk of HCV transmission 7 21 26 . In a review, Cavalheiro 5 reported that sexual transmission of HCV does occur, but at a frequency much lower than that observed for other viruses such as the hepatitis B virus (HBV) or the human immunodeficiency virus (HIV) 5 .
Considering subjects who do not belong to high-risk groups but are HCV carriers, the question that arises is what risk there is of non-sexual transmission to their uninfected partners. This issue needs to be carefully addressed and evaluated. Another factor is the presence of HCV in fluids such as semen, saliva and menstrual blood from which the virus has been isolated. However, the potential for transmission is debatable. Nonetheless, it is certain that trauma to the mucosa during sexual intercourse increases the risk of transmission in the case of high viremia levels and a positive polymerase chain reaction (PCR) result from semen 9 24 . In the present study, we analyzed factors relating to sexual and intrafamilial relationships in Brazilian heterosexual couples. Twenty-four couples with a clinical and laboratory diagnosis of HCV were studied. Virological analysis was complemented by phylogenetic analysis of the non-structural 5B (NS5B) region of the virus and the homology among genomic sequences was evaluated.
MATERIAL AND METHODS
Patients. Forty-five couples with a clinical and laboratory diagnosis of HCV infection were evaluated between January 1999 and December 2002. Of these, 24 met the inclusion criteria and were included in the study. These patients were recruited from the daytime clinics of the Hepatitis Division of the Infectious and Parasitic Diseases Clinic, University of São Paulo, Brazil, and from the Hepatitis Division of the Guilherme Álvaro Hospital, Santos, Brazil. Both hospitals are referral centers for patients with a diagnosis of hepatitis.
The individuals included in the study were HCV-positive couples, i.e. both partners had a positive polymerase chain reaction -hepatitis C virus (PCR-HCV) result and neither partner was coinfected with HIV or HBV. The couples who were excluded present anti-HCV antibodies positive and no detectable PCR-HCV in the serum of one or both partners.
The patients were interviewed privately using a standardized questionnaire, to collect demographic data and information on risk factors for HCV acquisition and sexual behavior. Blood was collected from the patients by vacuum venipuncture using a dry 10-ml tube. The serum was separated, centrifuged, aliquoted and stored at -85 ºC until the time of use. After blood sample collection, HCV PCR testing was carried out, followed by genotyping and phylogenetic analysis based on sequencing of the HCV 5´NC and NS5B region.
All patients recruited for the study signed a free and informed consent statement.
Virological methods. Trugene HCV 5'NC genotyping kit:
the specimens were sequenced using the Trugene HCV 5'NC genotyping kit in accordance with the manufacturer's instructions (Siemens Health Care Diagnostics, Berkeley, CA, USA). This test uses 244-bp fragments from the 5'NC region of the HCV genome, previously amplified by means of RT-PCR using the Cobas Amplicor Hepatitis C test (Roche Molecular Systems, Inc, Branchburg, NJ, USA). The amplification products were purified using the QIAquick PCR purification kit (Qiagen, Inc., Valencia, CA, USA) before use in the Trugene assay. HCV sequences were collected and analyzed by means of the OpenGene DNA sequencing system using Gene Object sequence analysis software (GL 3.1.2) 10 .
Hepatitis C virus NS5B sequencing assay: All HCV samples were further analyzed using the Trugene HCV NS5 sequencing assay (Siemens Health Care Diagnostics). Prior to use, all specimens were processed using the Epicentre RNA Masterpure purification kit (Epicentre Technologies, Madison, WI, USA). A portion of the HCV NS5B region was amplified using the Titan One
Step RT-PCR kit (Roche Applied Science, Mannheim, Germany) and was used directly in the Trugene NS5 sequencing assay. HCV NS5B sequences were analyzed by means of the OpenGene DNA sequencing system using GeneObject DNA analysis software in the HCV NS5B GeneLibrarian module 10 20 .
Phylogenetic analysis:
The 156-bp sequences of the HCV NS5B region produced by the HCV NS5B sequencing assay (nt 8353 to 8508) were analyzed using the Phylip software package, version 3.5c. Distances between pairs of sequences were estimated using the DNA Dist program. All phylogenetic trees were constructed by means of the unweighted pair group method, using arithmetic averages on the previous sets of pairwise distances. Significance of the clustering was ensured by bootstrap resampling (1,000 replicates). GenBank sequences were included in the analysis. All patients are mentioned in terms of Arabic numbers and letters in the tree (example: 1a/1b) 8 10 20 .
RESULTS
Forty-five couples were recruited and 24 who met the inclusion and exclusion criteria participated in the study. The mean age of the patients was 48.9 years (range: 26-67), the mean duration of cohabitation was 22.0 years (range: 2-45, mode: 30, median: 23.5), and the mean frequency of sexual intercourse per month was 8.8 times (range: 1-30, mode: 12, median: 7.0). The mean annual income was US$ 2,270.00.
Interestingly, nine patients (18.8%) denied that they had all five of the risk factors (blood transfusions, injected and inhaled drug use, acupuncture and tattoos). All of these patients were females (2a, 4b, 12a, 18b, 20a, 23a, 24b, 26b and 31b) whose respective partners presented one or more of these risk factors. Couple #7 was the only one in which neither partner presented any of the risk factors for HCV acquisition ( Table 1) .
The frequency of sharing personal hygiene items was high. No shared use of personal hygiene items was reported by five of the 48 patients (three women: 6b, 9b and 16b; and two men: 11b and 22b). However, their partners admitted sharing the use of at least one of the items. There was no correlation between the patients who did not share their personal hygiene items and the nine women who presented no parenteral risk factor. However, seven of these nine women belonged to the group in which at least one of the partners admitted sharing the use of a razor blade. In the other two cases, sharing of nail clippers or manicure pliers was reported. For all couples, one or both partners admitted sharing the use of one or more of their personal hygiene items, except for the same couple that denied other parenteral risks ( Table 2) . None of the couples reported acquiring any STDs over the past year, but there were reports of STDs acquired before that time. Twenty (83.3%) of the 24 men but only two of the women (8.3%) reported having had STDs during their lives ( Table 3) . In this group, 19 (79.2%) men and none of the women reported having sexual intercourse with sex professionals (Table 4) .
Among the 24 couples studied, 22 (91.7%) presented correspondence between viral subtypes and high similarity in the HCV NS5B region (mean: 98.3%; range: 93% to 99.4%). The subtypes found are shown in Table 5 . The two couples (8.3%) who presented no corresponding HCV subtypes had comparison values of 70.1% and 82.2% respectively, and were infected with the 2b/1b and 1b/1a viral subtypes.
The family represented by the codes 8a (father), 8b (mother) and 8c (daughter) was analyzed, and the genome similarity showed the following percentages: 93.6% for 8a/8b, 93.6% for 8a/8c and 99.4% for 8b/8c. A phylogenetic tree was constructed based on the sequences of the NS5B region of the HCV genome. The sequences (156 bp) were aligned using the Clustal W application (Clustal W Multiple Sequence Alignment Program v1.7, June 1997) and the phylogenetic tree was compiled from this alignment using the neighbor joining method available in the Philip 3.5c program (Figure 1) . 
FIgURE 1
Phylogenetic tree representing the 24 couples analyzed.
DISCUSSION
Shared use of personal hygiene items was frequent among our population. While one partner may have been careful not to share items, in order to avoid transmission, the other partner did not necessarily emulate this behavior. This markedly increased the risk of intrafamilial transmission between spouses and also among other residents of the same household. The family represented by number 8 supports this hypothesis. The epidemiological investigation revealed that the adolescent daughter began shaving her legs, sharing her parents' razor blades. The highest similarity was observed between the mother and daughter, a finding supporting the hypothesis of intrafamilial transmission within this household.
In the present sample, nine women presented no risk factors for HCV acquisition, whereas their partners presented one or more factors. Among the nine couples who shared one or more personal hygiene items, seven belonged to the group in which at least one of the partners admitted sharing the use of a razor blade. In the case of the other two couples, shared use of nail clippers or manicure pliers was reported. We believe that the inclusion of these cultural factors explains the high rates found here. The living habits of the household should be considered to be confounding factors when discussing sexual transmission. Thus, it cannot be said that HCV is only transmitted sexually. Rooney and Gilson 21 showed that, in addition to familial and sexual behavioral patterns, shared used of personal hygiene items might be important for intrafamilial transmission of HCV 16 20 21 . Only one of the couples that did not belong to the parenteral risk group for HCV acquisition also did not report shared use of personal items. For this couple, the similarity in the genomic HCV chains analyzed was 98.7%. In this case, the possibility of sexual transmission of HCV was high, and this indicates the need for studies to further clarify this issue. Minola et al 17 and La Torre 13 stated that the risk of sexual transmission of HCV should not be underestimated, although other non-sexual factors of intrafamilial contact have not been completely understood 13 17 . Among the population studied, the women were on average five years younger than their partners and had practically no extramarital sexual experience ( Table 4) . Sexual transmission of HCV involves a wide range of issues that should be addressed when discussing this subject. One aspect is the number of sexual partners 1 . Mele et al 15 found that the risk was twice as high among those who reported having two sexual partners and 2.8 times as high among those who reported having three partners 15 . Furthermore, Salleras et al 22 showed that the risk of HCV transmission among subjects with four partners or more was 14 times higher, whereas it was only three times higher among those who reported having two or three partners 6 15 22 . Hershow et al 11 identified sexual promiscuity, intravenous drug users as sexual partners, associated STDs, paid sex and a long time living with an HCV-positive partner as significant risk factors for HCV infection 11 . Sexual promiscuity, use of illegal drugs and the presence of STDs before entering a stable relationship with the current partner were strong risk factors among men. This increases the possibility that these men might have acquired HCV infection before their partners did. The data suggest that these men were more exposed to risk factors than their partners were and that the chances of prior acquisition of HCV infection seem to be more evident among men. These findings support the hypothesis of male-to-female transmission of HCV in this group. Interestingly, supporting this hypothesis, there were nine (18.8%) individual cases in which the subjects denied having the five risk factors that were described. All of them were women who, together with their respective partners, presented one or more factors. Taken together, these data provide further evidence for male-to female transmission of HCV. These nine couples support the hypothesis of probable male-to-female transmission.
Minola et al
17 studied HCV transmission among sexual partners and reported that the risk of HCV transmission increased by 13.2% when the partners used illegal drugs 17 . In our sample, the couples reported long periods of living together and showed high levels of genome similarity. The relationship between the length of time partners live together and sexual transmission of HCV is a controversial issue. The literature emphasizes the need for long periods of cohabitation to explain HCV transmission, although there are reports of acute infection in which the single risk factor is a sexual partner who was HCV-positive 3 18 19 21 . In a review, Rooney and Gilson 21 reported that the estimated risk of HCV infection was 1.5 (confidence interval: 1.05-2.2) per decade of marriage. In addition, women with HCV-positive partners presented a 3.7 times higher chance of contracting the disease 11 21 27 . In the case of HCV-positive patients, it is still not possible to clearly distinguish between those who present a potential for sexually transmitting HCV and those who do not. In addition, for long-lasting relationships in which the index case presents low viremia and the partner is HCV-negative, the possibility of transmission of the infection in the future cannot be ruled out 12 19 . The NS5B region was chosen for phylogenetic analysis since this region is not susceptible to high levels of immune pressure. Norder et al 20 reported that this region is a powerful tool for investigating nosocomial transmission of HCV, emphasizing the fact that many of the chains analyzed belong to the same viral subtype 20 . Although all of the 21 couples excluded presented anti-HCV antibodies positive and the PCR-HCV could not be detected in the serum of one or both partners. This made it impossible for them to be kept in the study, since comparison of genomic chains was essential.
Twenty-two couples studied here showed correspondence among viral subtypes and high rates of genome similarity. The distribution of HCV types observed was compatible to that reported by Cavalheiro et al 4 for a Brazilian population 4 14 . The high percentage of similarity suggests that the partners were infected with the same virus or that the infection was acquired from a common source, thereby indicating transmission from one partner to the other.
The NS5B region was the target in the study by Zylberberg et al 28 conducted at a hepatology clinic on seven couples with the same genotype, three of them showing 98% similarity, corresponding to a difference of one to three nucleotides 28 . The homology between the sequences suggests that the source of infection was the same for both partners, or that transmission from one partner to the other took place. However, it is not possible to confirm where and how the infection was contracted, whether from an external source through shared use of personal hygiene items or through sexual intercourse. According to Terrault 26 , comparison of genetic sequences between concordant couples has been used as evidence for the occurrence of transmission, but this evidence does not allow confirmation of the transmission route. Nevertheless, this strongly suggests that sexual transmission occurs when no other associated risk factor is present 26 . Phylogenetic analysis on HCV is a powerful and precise tool for virological investigation, particularly when evaluating HCV transmission. However, this technique should be used carefully and judiciously, for it to be useful for understanding HCV infection. If our study were based solely on virological interpretation, without support from epidemiological data, we might well reach very different conclusions from those presented here. Furthermore, a study based only on epidemiological findings runs the risk of being incomplete.
In conclusion, the high similarity found among genomic chains supports the hypothesis that HCV transmission occurs between partners. The shared use of personal hygiene items makes it difficult to interpret the data in terms of sexual transmission of HCV and suggests that intrafamilial transmission is a likely infection route. The present study supports the hypothesis that male-to-female transmission of HCV is likely.
